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A process for the preparation of alkoxyalkanolc acids. 

@ A process for the preparation of an alkoxyalkanolc acid of 
the general formula: 



RO(CHaCHRtO)nCHaCOsH 



(1) 



wherein R represents an alkyi group, R* represents a hyd- 
rogen atom or a methyl group or- on the individual molecule 
- 8 mixture thereof end n Is an Integer, by reacting an alkox- 
yalkanoi of the general formula: 



RO(CHaCHR^O)n CHiCHaOH 



(II) 



o 

CO 

o 



wherein R, and n have the same meaning as in fornnutB I, Sn 
the liquid phase with en oxidation agent in the presence of en 
alkali metal hydroxide and a cetaiyticaily effective amount of a 
noble metal of Group VIII of the Periodic Table of the Ele- 
ments, characterized in that as oxidation agent hydrogen 
peroxide and as noble metal palladium is used. 
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A PROCESS FOR THE PREPARATION OF ALKOXYALKANOIC ACIDS 

The invention relates to a process for the preparation of 
an alkoxycLlkanoic acid of the general fozimilai 

RO ( CHgCHR^ 0 ) jjCHgCOgH ( I ) 

wherein R represents an alkyl ^oup, R^ represents a hydrogen 
atom or a methyl group or - on the individual molecule - a 
5 mixture thereof and n is an integer^ "by reacting an alkoxyalkanol 
of the general formula: 

RO(CHoCHR^O) CH^CH^OH (ll) 

wherein R, R^ and n have the same meaning as in formula 1, in the 
liquid phase with "an oxidation agent in the presence of an alkali 
metal hydroxide and a catalytically effective amount of a nohle 

10 metal of Group VIII of the Periodic Tahle of the Elements. 

AlkoxyalKanoic acids find use as anionic detergents. These 
acids heing composed of only the elements C, H and 0 do not pose 
the environmental prohlems that other detergents containing 
hetero-atoms such as N, and P pose. Commercially, the alk03^- 

15 alkanoic acids are prepared in a two-step process of first re- 
acting an alkoxyalkanol with sodium and then reacting the re- 
sultiant ethoxide with the sodium salt of chloroacetic acid. A 
one-step process avoiding the use of chloroacetic acid and 
providing a WaCl-free product would, "be of significant commercial 

20 interest. 

Japanese Patent Publication Iffo. 50-96516 discloses a process 
for the preparation of cerboxylic acid salts by liquid phase de- 
hydrogenative oxidation of alcohols with an alkali metal 
hydroxide in the presence of precious metal catalysts, including 
25 palladium and platinum. This process uses a relatively high 
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temperature, 100-270^C. These high temperatures can desrade the 
ether linkages, especially in the highly ethoxylated alcohols 
of formula II. 

In the process descrihed in the "beginning of this speci- 
5 fication, and as described in U.S. patent specification 393^2,858, 
the oxidation agent is an oxygen-containing gas used at a temperature 
between 20 and 75^C in the presence or a platinum catalyst. 
This known process presents all the problems attendant with 
gas-liquid phase operations, such as gaseous difrusion liioitations , 
10 additionauL equipment, such as compressors needed to process the 
gas phase. 

A process for converting the alkoxyalianols of formula II 
into the corresponding alkoxyalkanbic acids of formula I has now 
been found, in which a special combination of oxidation agent 

15 and noble metal catalyst is applied. This special combination 

overcomes inany of the problms of gas-liqiiid phase operations and 
provides an extremely mild, low temperature process. It minimiaes 
degradation products, provides high conversiqns of the alkoxyalkanol. 
and the oxidation agent, with high selectivity to the alkali 

20 metal salt of the alkoxyalkanoic acid. The process is particularly 
suited to the detergent range ethoxylate or propoxylate alcohols. 

Accordingly, the invention provides a process for the 
preparation of an alkoxyalkanoic acid of the general fonnula: 

RO(CH2CHR^0)^CH2CO2H (l) 

25 wherein R represents an alkyl group, represents a hydrogen 
atom or a methyl group or - on the individual molecule - a 
mixture thereof and n is an integer, by reacting an alkoxyalkanol 
of the general fonnula: 



RO(CH^CHR^O) CH^CH^OH 

d n d. d. 



(II) 
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wherein R, and n have the same meaning as in formula I, in the 
liquid phase vith an oxidation agent in the presence of sn 
alkali metal hydroxide and a catalytically effective amount of a 
noble metal of Group VIII of the Periodic Table of the Elements, 
5 characterized in that as oxidation agent tertiary butyl 
hydroperoxide and as noble metal palladium is used. 

R in formula I preferably represents an al3syl group having 
of from 1 to 22 J more preferably of from 8 to 20 and particularly 
of from n to l8 carbon atoms, and n is preferably an integer of 

10 from 1 to 12, more preferably of from 2 to 9. The R group can be 
substituted vith any substituent vhich does not interfere vith 
the oxidation of the hydroxy group. Such substitiients include 
-OR^, -CEy -COOH, -COJSHgand -COOR^, vherein R^ represents an 
alkyl or aryl group. The R^ group on an individual molecule can 

15 be hydrogen, methyl or mixtures thereof. For example, straight 

ethoxylates, straight propoxylates and mixed ethoxyiatepropoxylate 
detergent alcohols are commercially available. Commercially, 
detergent range ethoxylate alcohols axe available vith an average 
of 3» 9 and 12 ethoa^late units per molecule. Others can 

20 readily be prepared. The process is thought to proceed by the 
folloving reaction: 

RO(CH.CHR^O) CH-,CH^OH + NaOH + 2H^0^ palladium ^ 
^ n 2 2 2 2 20-100^0 

R0(CH2CHR^0)^CH2C02Na + IfH^O 

Applicant, discloses in the related patent application 80200352.5 
25 a mild oxidation process for the preparation of alkoxyalkanbic 
acids utilizing tert. butyl hydroperoxide instead of hydrogen 
peroxide as an oxidizing agent. Surprisingly, of the hydroperoxides, 
only hydrogen peroxide and tert. butyl hydroperoxide are found to 
be effective as oxidants. Other alkyl, aryl and acyl peroxides 
30 and their derivatives are practically ineffective. 
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The acid product is produced in the form of the alkali metal 
salt and it is to he xuaderstood that the term "acid" as -used 
herein is intended to include the salt forms as veil as the free 
acid form. 

Although KaOH is shovn in equation I as the hase utilized, 
any hydroxide of an alkali metal is suitahle: lithium, sodium, 
potassium, rubidium or cesium. A strong hase, such as the alkali 
metal hydroxide, is needed. Vhen weaker hases such as KaHCO^ vere 
used, no reaction occurred. At least one equivalent of base for 
each equivalent of .alcohol reacted will he necessary. It has been 
found that maximum conversion is obtained vhen a slight excess of 
strong base is present during the reaction. Thus, it is preferable 
to maintain during the reaction an excess of the aliali metal 
hydroxide- In other words, during the reaction, base is provided 
in such a manner that at least a small amount of unreacted base 
will be present during the course of the reaction. This requirement 
for a slight excess of strong base affects the manner of the base 
addition. As one equivalent of base is consumed per equivalent of 
acid product formed, the base must be added at least as fast as 
oxidation is proceeding in order to maintain an excess. In general 
it is preferred to add one equivalent of base to the starting 
mixture and meter the hydrogen peroxide into the reaction at 
slightly less than the maximum rate at which it coiad be consumed 
by the catalyst. This technique would leave no excess base in the 
final product. Alternately the base and hydrogen peroxide can be 
simultaneously metered into the reactor, with the rate of injection 
of hydrogen peroxide slightly less than its consuxnption and the 
base adjusted to provide a slight excess. The rates can readily be 
determined by routine experimentation. 

The palladium catalyst used herein may be either homogeneous, 
heterogeneous, or a combination of both. Typically, palladium metal, 
its oxide and its salts, including organic and inorganic salts are 
useful as catalysts. The use of homogeneous palladium salts either 
above or in combination with stabilizing ligands will require a 
suitable means of removing the palladium ion from the product in 
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order to make "the process economic. Ion exchange resins ejre 
suitably used. Beterogeneous palladium comprises palladium metal ^ 
palladium oxide, and insoluble palladium salts, both organic and .. 
• inorganic. 

5 The catalyst utilized is preferably palladium metal, either 

the metal alone or supported on a suitable support. Suitable 
Bupporte are those vhich are inert to. the reaction conditions. 
Examples of supports suitable for certain reaction conditions ere 
carbon, alumina, day, silica, pumice, magnesia, zirconia and 

10 titania, etc. Some of the supports , such as alumina and silica are 
sensitive to base concentrations, i.e. dissolution of the support 
in high hydroxide concentrations. These types of supports can be 
used only vhen the excess hydroxide is lov. Carbon is a highly 
desirable support since .it is neutral to all reaction conditions. 

15 Satisfactory commercial catalysts containing up to 10 percent vt. 
of palladiiam on carbon are readily available and quite suitable 
for use in the process. Vhile the unsupported catalyst is 
suitable, it is less preferable to the supported catalysts since 
more of the expensive palladium metal is required to achieve the 

29^ seme resxilts as vith the sujqported catalysts. The catalysts are 
frequently reduced in hydrogen prior to use to assure that the 
palladium is in the reduced state. Jtoounts of palladiimi to 
reactant alcohol are not critical, but the amoimt of palladium 
present can affect the rates. Preferably, the mole ratio of 

25 palladium to reactant alcohol is gjreater thanl/1000, more preferably 
1/100. 
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The reaction is conducted xmder relatively mild conditions 
vith good results "being obtained using a teopereture of 20 - 
100°C, preferably from Uo° to 80°C. There are no particular 
pressure requirements in the process since the process is carried 
5 out in the liquid phase. Atmosphere pressure is most convenient. 

The reaction may he carried out in a solvent. The preferred 
solvent for the system is vater. Water is a coproduct of the 
oxidation reaction, and its presence has no effect on the 
oxidative process. When water is used as a solvent, it is 
10 preferably used in amounts up to about 20 percent by veigbt of the 
total amount of starting compounds. Other solvents vhich are inert 
in the reaction medium axe useful, such as lower alkanes such as 
for example, hexane, decane, etc., lower alkanols such as ethanol, 
propanol, butanol, etc., and aromatics such as benzene and benzene 
15 derivatives as toluene, xylene, etc. Organic solvents are 

frequently used to lower the viscosity of the reacting mixture in 
order to allow more coi^plete reaction to occur. 

The reaction product can be purified by a number of 
conventional procedures. One method is acidifying the reaction 
20 product with a strong inorganic acid such as HCl to convert the 
product to its acid form, adding a salt such as sodium sulphate 
to increase the number of ions in water end thus increasing the 
selective solubility of the produfct in ether and then extracting 
the alkoxyalkanoic acid with ether. Next, the ether is evaporated 
25 and the acid product is dried, as by drying with a salt such as 
sodium sulphate or by azeotropic distillation with benzene, etc. 
Further purification can be effected by fractional distillation. 

The yields of the alkoxyaUcanoic acid obtained by this . 
invention are excellent with, under pptimum conditions, conversion 
30 of the alcohol of about 70 mol with selectivities in excess of 
95 mol % being obtained. 
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The process of this invention will "be further described 
hy the folloving illustrative exeniples: 

"^^^ figllowing examples, the starting alcohol vas a 
SHELL IJEODOL^ethoxylate 23-3T alcohol which was prepared hjr 
5 ethoxylating a mixture of C^^ C^^ substantially straight 
chain alcohols (C^^iC^^'^ Uo:6o) to an ethoxylate alcohol 
having about three ethylene oxide units on the average per 
molecule and then topping off the unreacted alcohols and 
lower ethoxylates so that the final product has about five 
10 ethylene oxide units per molecule or a SHELL KEODOL ethoxylate 
253 alcohol which was prepared by ethoxylating a mixture of 
C-I2» ^13» substantially straight chain alcohols 

(C^2:C^3:C^j^:C^j'^255!:l*O«:20JJ:1535) to aa ethoxylate' alcohol 
having about three ethylene oxide units on the average per 
15 molecule (ethoxylated product contains about 1 6' percent 
unethoxylated alcohol). 

Conversion (basis alcohol) is calculated as the moles of • 
alkoxyalkanoic acid divided by moles of starting alcohols 
times 100 {%). 

20 Conversion (basis hydrogen peroxide) is calculated as 

moles of hydrogen peroxide consumed divided by moles at start 
times 100 (%) . 

Selectivity (basis alcohol) is calculated as the moles 
of alkoxyalkanoic acid found divided by total moles of carboxylic 
25 acid found times 100 (%) . 

Selectivity (basis hydrogen peroxide) is calculated as 
twice the moles of alkoxyalkanoic acid found divided by moles 
of hydrogen. peroxide used times 100 (%). 

Example I 

30 In a typical experiment a solution of KEODOL ethoxylate 

23-3T, (21 g, 0.05 mol) in tert. butyl alcohol (11 ml) was 
first treated with NaOH (2 g, 0.05 mol). The alkaline slurry 
was charged with 1 g (1 mmol) of 10 wt? Pd-on-powdered-charcoal 
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cataayst and the mixture heated to 60^C vith stirring. 
Ad aqueous (30 vt58) solution of hydrogen peroxide (11 ml, 0.1 mol) 
vas slowly (at 6 ml/h) added to the reactor. The reaction vas 
stirred for 30 min after the final addition of oxidant.. Analysis 
5 of the product found that 67 percen-b of the ethoxylate had heen 
converted with a selectivity to alkoxyalkanoic acid of 98 mol^. 
At complete conversion of the hydrogen peroxide, 67 percent had 
"been utilized in making alkoxyalkanoic acid. 

When the reaction was repeated without the tert. hutyl 
10 aj-cohol as solvent the reaction mixture solidified at% 51 percent 
conversion of the ethoxylate and further reaction was not possihle. 
Analysis of the product, however, found the selectivity to 
alkoa^alkanoic acid to be 80 moX% with the utilization of the 
hydrogen peroxide at Sk mol2. 

15 Example II 

A hatch reactor was charged with a solution of NEODOL 
ethoxylate 25-3 (17-7 g, 0.051 mol), 2.2 g of NaOH (0.055 Jaol) 
and 2 g of HgO (0. 11 mol). 0.15 Grams of palladium acetate 
(^7-35 percent Pd, 0.00068 mol) was added to the reactor which 

20 was heated and stirred to 60^C. The palladium acetate appeared 

■bo dissolve in the solution hut within a short time the solution 
turned a dark gray colour. An aqueous (30 wt?) solution of 
hydrogen peroxide (11 ml, 0.1 mol) was added slowly (at 6 ml/h) 
to the reactor- The reactor was stirred for 30 min EdTter the 

25 final addition of the hydrogen peroxide. Analysis of the product 
showed that 67 percent of the ethoxylate had heen converted with 
a selectivity to the alkoxyalkanoic acid of ahout 100 percent 
and that' all of the hydrogen peroxide was converted with a 
selectivity of 6l percent. 
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CLAIMS 

1, A process for the preparation of an alkoxyalkanoic acid of 
the general formula: 

R0(CH2CHr'*0)^CH2C02H (I) 

vherein R represents an alkyl gproup, represents a hydrogen 
atom or a methyl group or - on the individual molecule - a 
5 mixture thereof and n is an integer » by reacting an alltoxyalkanol 
of the general formula: 

RO ( CHgCHR ^ 0 ) ^CHgCHgOH ( II ) 

vherein R, R^ and n have the same meaning as in formula I» in 
the liquid phase vith an oxidation agent in the presence of an 
10 alkali metal hydroxide and a catalytically effective amount of a 
nohle metal of Group VIII of the Periodic Table of the Elements, 
characterized in that as oxidation agent hydrogen peroxide and 
as noble metal palladium is used. 

2. A process as claimed in claim 1 , characterized in that R in 
15 formula I represents an alkyl group having of ffom 1 to 22 

carbon atoms and n is an integer of from 1 to 12. 
3- A process as claimed in claim 2, characterized in that R in 
formula I represents an alkyl ^oup having of from 11 to l6 
carbon atoms and n is an integer of from 2 to 9. 
20 ^. A process as claimed in any one of the preceding claims, 

characterized in that the reaction is carried out at a temperature 
in the range of from 20° to 100°C» 

5. A process as claimed in any one of the preceding claims, 
characterized in that during the course of the reaction a grngin 

25 amount of unreacted alkali metal hydroxide is present. 

6. A process as claimed in claim 1 characterized in that the 
palladium is homogeneous palladium. 
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7. A process as claimed in claim 1 characterized in that 
the palladiTim is heterogeneous palladium. 

8. A process as claimed in claim 7 characterized in that 
the heterogeneous palladium is palladium metal supported on 

5 carhon. 
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